
CS 60, Spring 2016

Sequential Data 
Structures, Part 1 

Lists in Racket 
Please take a handout & 
Sit in row H or forward

Week 3, Class 5



But first, let’s review recursion

Suppose we want a Racket function halve-count. 
      Input: a strictly positive integer n. 
     Output: The number of times we must divide n by 2  
                          until we reach 1. (i.e., an integer approximation to log2 n.)                      

halve-count(n) =

{
0 if n = 1

1 + halve-count(⌊n2 ⌋) otherwise

base case

recursive step



T(1)	=	0	adds	
T(n)	=	1	+	T(n/2)	adds

But first, let’s review analysis

Let’s analyze this function, mathematically! 
1. What’s our cost metric, i.e., what are we counting?  
2. What mathematical tool should we use?

(define	(halve-count	n)	
		(if	(=	n	1)	
						0	
						(+	1	(halve-count	(quotient	n	2)))))

base case

recursive step



In CS 60, we only need to know how to set up recurrence relations, not solve them.

Ask for help solving, if needed

← log2 n

http://www.wolframalpha.com/input/?i=T(1)+%3D+0,+T(n)+%3D+1+%2B+T(n%2F2)


Problem*classes*(2)*
Log#scale,*expanded#range*

“Tractable”*

“Intractable”*

“No#problem”*

one*million&

Big O helps us talk about problem classes



How do we learn a new 
data structure? 

What kinds of things do we want to know?
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http://www.buzzfeed.com/catesish/a-step-by-step-guide-to-making-a-buzzfeed-post
http://www.sciencedaily.com/releases/2015/02/150211183048.htm
https://hmc.sodexomyway.com/images/Week%203%20S16_tcm1300-97106.htm


Creating lists in Racket

syntax 
what we write

printed representation 
what Racket prints

semantics 
what it means

empty >	empty	
'()

(list	<value1>	...	<valueN>) >	(list	1	2	3)	
'(1	2	3)

(cons	<value>	<list>) >	(cons	1	(list	2	3))	
'(1	2	3)

1 2 3

1 2 3

make an empty list

make a list with N values

add an element to the front of a list



write down the answers as either a drawing or a Racket expression

Creating lists: let’s practice

1.  (list	3	2	1)	← draw the picture 

2.(cons	3	(list	2	1))	← draw the picture 

3.                                       	← write the expression	

4.  '(1)      ← write the expression that makes Racket display this 

5.(list	3	(list	2	1)	0)	← draw the picture

1 2

3 2 1

3 2 1

(list	1	2)

(list	1)

3 0

2 1



Aside: we don’t actually need list!

(list	1	2	3)	

is the same as 

(cons	1	(cons	2	(cons	3	empty)))

list is “syntactic sugar” for one or more calls to cons

1 2 3



More syntactic sugar for lists
You can use Racket’s display notation to construct a value

'()	

is the same as 

empty

'(1	2	3)	

is the same as 

(list	1	2	3)

'(3	(1	2)	0)	

is the same as 

(list	3	(list	1	2)	0)

But: be careful! 
(more in a bit)



Accessing Racket lists

1 2 3

first rest



Accessing lists: let’s practice

Assume the variable L has the value '(1	2	3). Fill in the table.

result expression that uses L to compute result

1 (first	L)

'(2	3)

2

'(3)



Accessing lists: let’s practice

Assume the variable L has the value '(1	2	3). Fill in the table.

result expression that uses L to compute result

1 (first	L)

'(2	3) (rest	L)

2 (first	(rest	L))

'(3) (rest	(rest	L))



Watch out!

>	(cons	1	2)	
'(1	.	2)	

This expression builds a pair. 

A pair is not a list. 

You can’t call first on it. 
You can’t call rest on it. 

Don’t do these things (and if you accidentally do, know how to recognize them)

>	'(list	1	2)	
'(list	1	2)	

This expression builds a list 
whose first element is 'list! 

not a list!

For more info, see: docs.racket-lang.org/guide/Pairs__Lists__and_Racket_Syntax.html

http://docs.racket-lang.org/guide/Pairs__Lists__and_Racket_Syntax.html
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Racket lists: the basics

Constructors 
to make an empty list: empty 
to make a list with n elements: list 
to add an element to the beginning of a list: cons 

Selectors 
to test if a list is empty: empty? 

to get the first element of a list: first 

to get a sublist, starting with the second element: rest

We’ll use these built-in operations the most, when working with Racket lists

For more operations, see: https://docs.racket-lang.org/reference/pairs.html

https://docs.racket-lang.org/reference/pairs.html


Inductive Data Types  
& Recursive Operations 

(Putting Together & Taking Apart)

empty	
cons	

empty?	
first	
rest



Recursive functions over lists

;;	len	
;;			inputs:	a	list,	L	
;;			outputs:	the	number	of	elements	in	the	list	
(define	(len	L)	
		(if	(empty?	L)	
						0	
						(+	1	(len	(rest	L)))))	
							
;	tests	
(check-equal?	(len	'())	0)	
(check-equal?	(len	'(1	2	3))	3)	
(check-equal?	(len	'((1	2	3)))	1)



Recursive functions over lists

;;	len	
;;			inputs:	a	list,	L	
;;			outputs:	the	number	of	elements	in	the	list	
(define	(len	L)	
		(if	(empty?	L)	
						0	
						(+	1	(len	(rest	L)))))	
							
;	tests	
(check-equal?	(len	'())	0)	
(check-equal?	(len	'(1	2	3))	3)	
(check-equal?	(len	'((1	2	3)))	1)



Recursive functions over lists

;;	len	
;;			inputs:	a	list,	L	
;;			outputs:	the	number	of	elements	in	the	list	
(define	(len	L)	
		(if	(empty?	L)	
						0	
						(+	1	(len	(rest	L)))))	
							
;	tests	
(check-equal?	(len	'())	0)	
(check-equal?	(len	'(1	2	3))	3)	
(check-equal?	(len	'((1	2	3)))	1)

base case

recursive step



Recursive functions over lists

;;	len	
;;			inputs:	a	list,	L	
;;			outputs:	the	number	of	elements	in	the	list	
(define	(len	L)	
		(if	(empty?	L)	
						0	
						(+	1	(len	(rest	L)))))	
							
;	tests	
(check-equal?	(len	'())	0)	
(check-equal?	(len	'(1	2	3))	3)	
(check-equal?	(len	'((1	2	3)))	1)

base case

recursive step



Recursive functions over lists

;;	len	
;;			inputs:	a	list,	L	
;;			outputs:	the	number	of	elements	in	the	list	
(define	(len	L)	
		(if	(empty?	L)	
						0	
						(+	1	(len	(rest	L)))))	
							
;	tests	
(check-equal?	(len	'())	0)	
(check-equal?	(len	'(1	2	3))	3)	
(check-equal?	(len	'((1	2	3)))	1)

base case

recursive step



Recursive functions over lists

;;	len	
;;			inputs:	a	list,	L	
;;			outputs:	the	number	of	elements	in	the	list	
(define	(len	L)	
		(if	(empty?	L)	
						0	
						(+	1	(len	(rest	L)))))	
							
;	tests	
(check-equal?	(len	'())	0)	
(check-equal?	(len	'(1	2	3))	3)	
(check-equal?	(len	'((1	2	3)))	1)

base case

recursive step



Let’s practice: sum 

;;	sum	
;;			inputs:	a	list	of	integers,	L	
;;			outputs:	the	sum	of	the	integers	in	L	
(define	(sum	L)	
		(if	(empty?	L)	
						0	
						(+	(first	L)	(sum	(rest	L)))))	
							
;	tests	
(check-equal?	(sum	'())	0)	
(check-equal?	(sum	'(1))	1)	
(check-equal?	(sum	'(1	2	1))	4)	
(check-equal?	(sum	'(1	2	3	4))	10)

Q



Let’s practice: sum 

;;	sum	
;;			inputs:	a	list	of	integers,	L	
;;			outputs:	the	sum	of	the	integers	in	L	
(define	(sum	L)	
		(if	(empty?	L)	
						0	
						(+	(first	L)	(sum	(rest	L)))))	
							
;	tests	
(check-equal?	(sum	'())	0)	
(check-equal?	(sum	'(1))	1)	
(check-equal?	(sum	'(1	2	1))	4)	
(check-equal?	(sum	'(1	2	3	4))	10)

Q



Let’s practice: analyzing sum
;;	sum	
;;			inputs:	a	list	of	integers,	L	
;;			outputs:	the	sum	of	the	integers	in	L	
(define	(sum	L)	
		(if	(empty?	L)	
						0	
						(+	(first	L)	(sum	(rest	L)))))

• What mathematical tool should we use? 

• What’s the first question we should ask ourselves? 

• What do you think is the answer?

what happens as the size of L grows very large?



Let’s practice: analyzing sum
;;	sum	
;;			inputs:	a	list	of	integers,	L	
;;			outputs:	the	sum	of	the	integers	in	L	
(define	(sum	L)	
		(if	(empty?	L)	
						0	
						(+	(first	L)	(sum	(rest	L)))))

T(0)	=	1	step	
T(n)	=	1	+	T(n-1)	steps

what happens as the size of L grows very large?

base case

recursive step

http://www.wolframalpha.com/input/?i=t(0)%3D1,+t(n)+%3D+1+%2B+t(n-1)


Let’s practice: remove 
;;	remove	
;;			inputs:	an	integer	i	
;;											a	list	of	integers,	L	
;;			outputs:	a	new	list	with	1st	occurrence	 
;;												of	i	removed	
(define	(remove	e	L)	
		(cond	[(empty?	L)	'()]	
								[(=	(first	L)	e)	(rest	L)]	
								[else	(cons	(first	L)	(remove	e	(rest	L)))]))	
							
;	tests	
(check-equal?	(remove	1	'())	'())	
(check-equal?	(remove	1	'(1))	'())	
(check-equal?	(remove	1	'(1	1))	'(1))	
(check-equal?	(remove	4	'(1	2	3))	'(1	2	3))



Let’s practice: remove 
;;	remove	
;;			inputs:	an	integer	i	
;;											a	list	of	integers,	L	
;;			outputs:	a	new	list	with	1st	occurrence	 
;;												of	i	removed	
(define	(remove	e	L)	
		(cond	[(empty?	L)	'()]	
								[(=	(first	L)	e)	(rest	L)]	
								[else	(cons	(first	L)	(remove	e	(rest	L)))]))	
							
;	tests	
(check-equal?	(remove	1	'())	'())	
(check-equal?	(remove	1	'(1))	'())	
(check-equal?	(remove	1	'(1	1))	'(1))	
(check-equal?	(remove	4	'(1	2	3))	'(1	2	3))


